A group of Acinetobacter baumannii confers multidrug resistance, but the molecular epidemiology and multidrug resistance mechanisms are poorly understood. Nineteen isolates were identified, and the antimicrobial susceptibility profile was determined using the disc diffusion method. Then, PCR of 78 kinds of resistance-associated genes were performed. A novel variant of bla ADC gene: bla ADC-67 gene (Genbank accession No. JX169789) was prevalent in all 19 isolates. Moreover, ISAba1 could also provide strong promoter to upregulate the expression of bla ADC67 to confer resistance to beta-lactam. This is the first report of emergence of bla ADC-67 in A. baumannii worldwide, which might confer resistance to beta-lactam.
INTRODUCTION
Acinetobacter baumannii (A. baumannii) is important opportunistic pathogen responsible for a variety of nosocomial infections, including ventilator-associated pneumonia, bacteremia, surgical-site infections, secondary meningitis and urinary tract infections. Treatment of A. baumannii infections is often complicated by multidrug-resistant phenotypes, including resistance to broad-spectrum beta-lactams, aminoglycosides and quinolones.
From February 2011 to October 2011, multidrug-resistant (MDR) A. baumannii were continuously isolated from Ningbo No. 2 Hospital in China. Hence, we chose 19 isolates (no. 5: from throat swab, no. 6: from catheter, no. 12: from urine, no. 17 and no. 18: from wound, others: from sputums) and analyzed the antimicrobial susceptibility profile and genetic determinants of antimicrobial resistance in this group of MDR A. baumannii. These isolates were multidrug resistant to beta-lactams, aminoglycosides, quinolones; hence, we attempted to detect 15 kinds of class A beta-lactamase genes, 10 kinds of class B beta-lactamase genes, 3 kinds of class C beta-lactamase genes, 10 kinds of class D beta-lactamase genes, 2 kinds of genes for outer membrane porin protein, 9 kinds of aminoglycoside-modifying enzyme genes, 6 kinds of 16SrRNA methylase genes, 7 kinds of quinolone resistance genes. Furthermore, taking into account of roles of mobile genetic elements, drug efflux genes and resistant island genes in resistance, we also detected two kinds of genetic markers of plasmids, three kinds of genetic markers of transposons, five kinds of genetic markers of insertion sequences, four kinds of genetic markers of integrons, two kinds of drug efflux genes and resistant island genes. The objectives of the present study were to investigate the molecular epidemiology and multidrug resistance mechanisms of this group of isolates. Understanding the genetic background of antimicrobial resistance is an important step in defining the impact of MDR A. baumannii.
MATERIALS AND METHODS
The isolates were identified by Vitek Gram-negative identification cards (bioMérieux-Vitek, Inc., Hazelwood, MO, USA), and the antimicrobial susceptibility profile was determined using the disc diffusion method according to the CLSI and interpreted with criteria published in 2011. 1 Whole-cell DNA from the isolates of A. baumannii, prepared by proteinase K digestion, was used as a template in PCR assays. PCR was performed using the primers (Wuxi Clone Gen-Tech Institute, Wuxi, Jiangsu, China) for 78 kinds of resistance-associated genes mentioned above, which were designed based on genotypes published in GenBank (Table 1) . PCR conditions were 2 min at 93 1C; 35 cycles of 30 s at 93 1C, 30 s at 55 1C and 1 min at 72 1C; and, finally, 5 min at 72 1C. Positive and negative controls were performed in every PCR assays. The amplicons were purified with PCR Kits (Wuxi Clone Gen-Tech Institute, Wuxi, Jiangsu, China) and were subsequently sequenced on an ABI PRISM377 sequencer analyzer (Applied Biosystems, FosterCity, CA, USA). Sequences of primers and length of aimed product were shown in Table 2 . Genetic marker of integron intI1, intI2,intI3, qacED1
Drug efflux pump Drug efflux gene adeB, qacED1
Resistance island Aba-RI chromosomal cephalosporinase from A. baumannii. However, its biochemical characteristics, biological activity, new host were still unknown, which need further study.
As shown in Table 4 , linkage detection of ISaba1-bla OXA-23 was positive, which suggested that bla OXA-23 cluster was confirmed as bla . In addition, promoter was found upstream of bla TEM in isolate no.10 and no.13 to result in high-level expression of bla TEM , and ISAba1 could also provide strong promoter to upregulate the expression of bla ADC-67 and bla OXA-23 to confer resistance to betalactam in positive isolates. 2 Moreover, the epidemic isolates of A. baumannii in Korea, 3 Thailand, 4 Australia 5 all carried bla OXA-23 , whereas isolates in Italy carried either bla OXA-58 -like (22.8%) or bla OXA-23 -like (71.1%). However, A baumannii isolates in Australia had higher positive rate of bla TEM (88%), and ISaba1 were also found upstream of ampC beta-lactamase gene and attributed to increased ampC expression. 5 In Gram-negative bacteria, the outer membrane limits the rate of antimicrobials entering the cell, and variations in porin's structure are survival strategies to escape from antibacterial pressure. Resistance to both imipenem and meropenem in MDR A. baumannii is associated with the loss of a 29-kDa outer membrane protein, called CarO, 6 and a 43-kDa protein, which shows significant peptide homology with OprD from P. aeruginosa. 7 CarO may function as a carbapenemunspecific channel, and the OprD-like protein may function as a carbapenem-specific channel. In this investigation, full length of CarO and OprD were sequenced and confirmed as mutations in their structure. Moreover, it's the first report that oprD was positive in A. baumannii in China.
Four kinds of aminoglycoside-modifying enzyme genes: aac(3)-I (10.7%), aac(6 0 )-Ib (17.9%), ant(2 00 )-I(14.3%), aph(3 0 )-I(17.9%), and a kind of 16SrRNA methylase gene: armA(17.9%), were positive in PCR assays and involved in aminoglycoside resistance. However, A.baumannii isolates in Algeria had higher positive rate of aminoglycoside-modifying enzyme genes: aph(3 0 )-VI (50.7%), aadA (63.4%), aac(3)-Ia (91.1%). 8 Futhermore, mutations in the QRDR of gyrA(Ser83Leu), and mutations in the QRDR of parC (Ser80Leu), would help explain the clinical observation of quinolones resistance. Moreover, A.baumannii isolates in Algeria also had double mutations Ser83Leu and Ser80Leu (or Ser84Leu) in gyrA and parC (69.0%), 8 while isolates in Australia only had Ser80Leu mutation in gyrA. 5 In addition, previous studies have demonstrated the importance of efflux pumps in removing antimicrobials from the cell and conferring the MDR phenotype. All 19 isolates contained highly conserved adeB gene from the AdeABC efflux pump complex, and 5 isolates contained qacED1 to confer resistance to antiseptics and disinfectants.
Resistance islands are common in A. baumannii as genomic locations for the acquisition and accumulation of genes required for antibiotic resistance. 9 The most well studied of these RIs is AbaR1, but AbaR1 was negative in all 19 isolates.
Futhermore, mobile genetic elements are major forms of horizontal gene transfer. Five kinds of genetic markers of mobile genetic elements were positive to spread resistance among isolates: tnpU, tnp513, intI were positive in five isolates, ISaba1 and IS26 were positive in all isolates.
From Figure 1 , the 19 isolates could be divided into clusters A and B, with three isolates demonstrating unique profiles depending on Cluster analysis 10 by MEGA5.0. Cluster A included 14 isolates: no. 1, 3B9, 11, 12, 14B17, and their positive models were: bla ADC-67 þ bla OXA-2 cluster þ bla OXA-23 cluster þ bla OXA-51 cluster þ adeB þ ISaba1 þ IS26 þ mutation of (carO þ oprD þ gyrA (Ser83Ler) þ parC (Ser80Ler)). While cluster B included two isolates: no. 10 and 13. Hence, it suggested that clonal spread emerged among these isolates. In fact, patient transfer and hospital staff contact may have enhanced clonal spread among different wards. Early recognition of the presence of carbapenem-resistant A. baumannii clones is necessary in order to prevent their spread within the hospital environment.
Sequencing of the whole genome of these isolates is needed to better understand how they have accumulated these resistanceencoding genes. Acinetobacter baumannii confers multidrug resistance X Xiao-min et al Table 4 Positive resistance-associated genes in 19 isolates of multidrug-resistant A. baumannii GAA adeB qacED1 tnpU tnp513 ISaba1 IS26 intI1
